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SUHVVXUHVRI*3DDQG*3DDQGKLJK WHPSHUDWXUHVIURP&WR&&RORPERHWDO'HVSLWH
PDQ\H[SHULPHQWDOVWXGLHVWKHLQIOXHQFHRIKLJKSUHVVXUHRQFOD\VKDVQRWEHHQUHFRJQL]HGHQRXJK
7KH SDSHU SUHVHQWV WKH UHVXOWV RI VFDQQLQJ HOHFWURQ PLFURVFRSH 6(0 LQYHVWLJDWLRQV RI WKH LPSDFW RI KLJK
SUHVVXUHRQWKHOHYHORI03DRQWRPLQHUDOSDUWLFOHVRIFOD\7KHH[DPLQDWLRQVDUHDSDUWRIDUHVHDUFKSURJUDP
FRQFHUQLQJWKHUHFRJQLWLRQRI WKHKLJKSUHVVXUHLPSDFWRQWKHSK\VLFDODQGFKHPLFDOSURSHUWLHVRIFOD\V3UHYLRXV
VWXGLHVKDYHVKRZQWKDWKLJKSUHVVXUHVRIXSWR03DKDYHDQHIIHFWRQLRQH[FKDQJHDQGFKDQJHRIWKHVSHFLILF
VXUIDFHDUHDRIWKHVHVRLOV.RV]HOD0DUHN(
5HVHDUFKPHWKRGRORJ\
6DPSOHV RI QHRJHQLF FOD\ IURP .UDQVN /RZHU 6LOHVLD 6: 3RODQG ZHUH FKRVHQ IRU WKH LQYHVWLJDWLRQV 7KH
SDUWLFOHVL]HdistributionsRIWKHVHVDPSOHVZDVREWDLQHGE\ aerometric method. 7KLVVRLOFRQWDLQHGRIWKHFOD\
IUDFWLRQDQGRIWKHVLOWIUDFWLRQ.DROLQLWHLVWKHGRPLQDWLQJPLQHUDOLQWKLVFOD\DQGLWLVDFFRPSDQLHGE\LOOLWH
DQGVPHFWLWH&KRPD0RU\O
7KHVDPSOHRIDTXHRXVVXVSHQVLRQJVRLOPOGLVWLOOHGZDWHUZDVSUHSDUHGIURPWKLVFOD\DQGVXEMHFWHGWRD
SUHVVXUHRI03D6XFKKLJKSUHVVXUHYDOXHVZHUHREWDLQHGLQWKHRULJLQDOWHVWVWDQG7KHQWKHVDPSOHZDVGULHG
DWURRPWHPSHUDWXUHDQGWUDQVIHUUHGWRWKH6(0VWXGLHV7KHIROORZLQJDVVXPSWLRQVZHUHXQGHUWDNHQLQWKHUHVHDUFK
ZRUN
D 6DPSOHVRIVRLODUHKRPRJHQRXV
E 7HPSHUDWXUHGXULQJWHVWVLVFRQVWDQWDQGHTXDOWR&
F 3UHVVXUHDFWLQJXSRQWKHVRLOLVLVRWURSLFVXEMHFWWRWKH3DVFDOODZ
G 7KHSUHVVXUHYDOXHRI03DLVREWDLQHGWKURXJKLQFUHDVLQJWKHSUHVVXUHYDOXHLQWKHKLJKSUHVVXUHUHDFWRU
IURP03DWR03DFRQWLQXRXVO\QRWUDSLGO\WKHUHWXUQWR03DLQWKHVDPHZD\
H 03DSUHVVXUHDFWLRQWLPHIRUVRLOVDPSOHRIPLQXWHV
2.1. High pressure test 
6DPSOHVRIDTXHRXVVXVSHQVLRQRIFOD\ZDVSUHVVXUL]HGDW03D+LJKSUHVVXUHZDVREWDLQHGLQWKHRULJLQDO
WHVWVWDQG7KHKLJKSUHVVXUHDSSDUDWXVZDVGHVLJQHGDQGPDQXIDFWXUHG LQ WKH,QVWLWXWHRI)OXLG0HFKDQLFVRI WKH
:URFODZ8QLYHUVLW\RI7HFKQRORJ\6\VDN7KHVWDQGPDNHVLWSRVVLEOHWRFDUU\RXWWHVWVXQGHUK\GURVWDWLF
SUHVVXUHXSWR03DRYHUDSUDFWLFDOO\XQOLPLWHGGXUDWLRQ6\VDN


)LJ6(0LPDJHRIVDPSOHRIFOD\ZKLFKZHUHQRWVXEMHFWHGWRKLJKSUHVVXUHV*UDLQRITXDUW]

$JODVVPHDVXULQJF\OLQGHUILOOHGZLWKDTXHRXVVXVSHQVLRQRIFOD\ZDVSXWLQWRWKHSUHVVXUHFKDPEHU7KHUHDFWRU
ZDV ILOOHG ZLWK ZRUNLQJ IOXLG FRPSRVHG RI D PL[WXUH RI JO\FRO DQG JO\FHULQH 7KH FKDPEHU ZDV FORVHG ZLWK D
KHDGHU7KHV\VWHPZDVYHQWHGDQGXVLQJDKDQGSXPSWKHUHTXLUHGSUHVVXUHYDOXHRI03DZDVSURGXFHG7KH
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SUHVVXUHYDOXHZDVJDLQHGE\WKHZRUNLQJIOXLGLQWKHSUHVVXUHFKDPEHUDQGWUDQVIHUUHGRQWRWKHVDPSOHRIVRLO7KH
SUHVVXUHYDOXHRI03DZDVPDLQWDLQHGIRUWKHSHULRGRIPLQXWHVDQGWKHQVORZO\GHFUHDVHGWR03D


)LJ6(0LPDJHRIFOD\VXEMHFWHGWRDSUHVVXUHRI03D&UDFNHGJUDLQRITXDUW]


)LJ6(0LPDJHRIFOD\VXEMHFWHGWRDSUHVVXUHRI03D&UXVKHGTXDUW]JUDLQLQWKHFHQWUDOSDUWRILPDJH
2.2. SEM investigations 
6(0LQYHVWLJDWLRQVZHUHFDUULHGRXWIRUWKHVDPSOHRIVRLOQRWVXEMHFWHGWRKLJKSUHVVXUHVDPSOH.=DQGIRU
WKH VDPSOH VXEMHFWHG WR D SUHVVXUH RI 03D VDPSOH .= 7KHQ WKH 6(0 LPDJHV RI .= DQG .=
VDPSOHVZHUHFRPSDUHG3DUWLFXODUDWWHQWLRQZDVSDLGWRWKHPLFURVWUXFWXUHPRUSKRORJ\GHIRUPDWLRQRIWKHPLQHUDO
SDUWLFOHV
7HVWUHVXOWVDQGGLVFXVVLRQ
$QDO\VLVRILPDJHVREWDLQHGIURP6(0LQGLFDWHVFKDQJHVLQVWUXFWXUDOHOHPHQWVRIFOD\VXEMHFWHGWRDSUHVVXUHRI
03D6RPHVHOHFWHG6(0LPDJHVDUHSUHVHQWHGLQWKLVSDSHUVDPSOHZKLFKZHUHQRWVXEMHFWHGWRKLJK
SUHVVXUHV.=)LJ)LJDQGVDPSOHVXEMHFWHGWRSUHVVXUH03D±³.=)LJ)LJ7KHFKDQJHV
RIVKDSHDQGVWUXFWXUHRIVRPHPLQHUDOSDUWLFOHVZHUHREVHUYHGLQSUHVVXUHGVDPSOH7KHTXDUW]VXUIDFHLVQRW
FUDFNHGRULWLVVOLJKWO\FUXVKHGDWWKHJUDLQVHGJHVLQVDPSOHV.=)LJ
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

)LJ6(0LPDJHRIFOD\VXEMHFWHGWRDSUHVVXUHRI03D'DPDJHGJUDLQRITXDUW]LQWKHFHQWUDOSDUWRILPDJH


)LJ6(0LPDJHRIVDPSOHRIFOD\ZKLFKZHUHQRWVXEMHFWHGWRKLJKSUHVVXUHV.DROLQLWHPLFURDJJUHJDWH




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)LJ6(0LPDJHRIFOD\VXEMHFWHGWRDSUHVVXUHRI03D'DPDJHGPLFURDJJUHJDWHVRINDROLQLWHLQFHQWUDOSDUWRILPDJH



)LJ6(0LPDJHRIFOD\VXEMHFWHGWRDSUHVVXUHRI03D'HIRUPHGPLFURDJJUHJDWHRINDROLQLWHLQFHQWUDOSDUWRILPDJH



)LJ6(0LPDJHRIFOD\VXEMHFWHGWRDSUHVVXUHRI03D'HIRUPHGPLFURDJJUHJDWHRINDROLQLWHRQWKHULJKWVLGHRILPDJH

+RZHYHUFOHDUFUDFNVDQGFUXPEOLQJRITXDUW]LQWKHVDPSOHV.=ZHUHQRWHG)LJ
7KHFOHDUGHIRUPDWLRQRINDROLQLWHPLFURDJJUHJDWHVLQWKHVDPSOHFRPSUHVVHGLQWKHUHDFWRU.=ZDVDOVR
REVHUYHG6SDFHVLQFUHDVHGLQVRPHSODFHVEHWZHHQWKHNDROLQLWHSDUWLFOHVLQFOD\PLFURDJJUHJDWHV)LJ7KH
GLIIHUHQWVPDOOPLQHUDOSDUWLFOHVJRWWRWKHVHVSDFHV)LJ

7KHUHVXOWVRI6(0LQYHVWLJDWLRQRIKLJKSUHVVXUHHIIHFWRQWKHPLFURVWUXFWXUDOFKDQJHVLQFOD\DUHDOVRUHODWHGWR
SUHYLRXVVWXGLHVRIFOD\VIURP.UDQVN.RV]HOD0DUHN7KHLQIOXHQFHRISUHVVXUHRI03DRQWRWKH
FKHPLVWU\RIWKHaqueous VXVSHQVLRQRIFOD\ZDVFDUULHGRXW.RV]HOD0DUHN,WZDVIRXQGWKDWWKHFKDQJHLQ
FRQFHQWUDWLRQRILRQVRIPHWDOVLQZDWHUVXVSHQVLRQRIFOD\RFFXUUHGDIWHUVXEMHFWLQJVDPSOHVZLWKKLJKSUHVVXUH
.RV]HOD0DUHN7KHIROORZLQJVWXGLHVUHODWHGWRWKHLPSDFWRIKLJKSUHVVXUHRQWRWKHVSHFLILFVXUIDFHDUHDRI
FOD\.RV]HOD0DUHN,WZDVLQGLFDWHGWKDWVSHFLILFVXUIDFHDUHDRIFOD\LQFUHDVHGE\LQSUHVVXUL]HG
VDPSOHVFRPSDUHGWRWKHVDPSOHVEHIRUHDGGLQJSUHVVXUH,WZDVUHFRJQL]HGWKDWWKLVSKHQRPHQRQPD\EHDUHVXOW
RIPLFURVWUXFWXUDOFKDQJHVRI WKHVRLOVNHOHWRQDQGLQWHUQDOUHFRQVWUXFWLRQRI WKHFOD\H\SDUWLFOHV.RV]HOD0DUHN
7KH6(0UHVXOWVRISUHVHQWHGLQYHVWLJDWLRQVPD\FRQILUPWKHVHDVVXPSWLRQV
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&RQFOXVLRQV
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VDPSOHVH[SRVHGWRSUHVVXUHRI03DLQWKHUHDFWRU
RIWKHKLJKSUHVVXUHWHVWVWDQGDQGVDPSOHVQRWH[SRVHGWRDFWLRQRIKLJKSUHVVXUH
 $QDO\VLV RI WKH LPDJHV REWDLQHG IURP 6(0 LQGLFDWHV FKDQJHV LQ VWUXFWXUDO HOHPHQWV RI FOD\ VXEMHFWHG WR D
SUHVVXUHRI03D7KHWHVWVUHVXOWVVKRZWKDWLUUHYHUVLEOHPHFKDQLFDOFKDQJHVRFFXULQWKHPLFURVWUXFWXUHRI
WKH FOD\ SDUWLFOHV DQG LQ VRPH PLQHUDOV 7KHVH ZHUH PDLQO\ PDQLIHVWHG E\ GHIRUPDWLRQV FUDFNV DQG
GLVLQWHJUDWLRQRIPLQHUDOSDUWLFOHVVXFKDVNDROLQLWHPLFURDJJUHJDWHVDQGTXDUW]JUDLQV
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